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z.2013.07Abstract The present study investigated the structure of the tongue of the toad, Bufo regularis and
the lizard, Chalcides ocellatus. They have different feeding habits and live in different habitats. The
tongue of the toad contains two types of lingual papillae; fungiform papillae and ﬁliform papillae.
The fungiform papillae are usually scattered among the ﬁliform papillae and are believed to func-
tion in gustation and in the secretion of salivary ﬂuid. Scanning electron microscopical studies
revealed that no ciliated cells were observed on the surface of the ﬁliform papillae or in the sur-
rounding area of the sensory disc. In C. ocellatus the tip of the tongue is bifurcated and keratinized.
The dorsal surface of the tongue is covered with several types of papillae; irregular, scale and ridge-
shaped. Taste buds were present in the epithelium of the tongue. The lingual glands consist of
mucous cells that form crypt-like invaginations between papillae. The present study revealed that
there is a marked correlation between the structure of the tongue of both B. regularis and C. ocell-
atus and habitats and feeding mechanism of the two species.
ª 2013 Production and hosting by Elsevier B.V. on behalf of The Egyptian German Society for Zoology.Introduction
The feeding mechanism is clearly an important factor that
determines the success of adaptation of vertebrates to their
environment and of their persistence through procreation
(Roth and Wake, 1989). The tongue has a characteristic form
and plays a principal role in feeding, together with other organs
within and near the oral cavity, in particular in tetrapods. Most.com (E.H. Elsheikh).
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.004adult amphibians have a tongue (Helff, 1929), as do all known
reptiles. Thus it is likely that the tongue appeared with the
establishment of tetrapods and this structure seems to be re-
lated, to some extent, to the terrestrial lifestyle (Helff, 1929).
We can infer that the main role of the tongue is to facilitate eat-
ing on land, in co-operation with other organs within and near
the oral cavity. Amphibians usually live in and around fresh
water, and the surface of the oral cavity around the tongue is
wet. Even on land, amphibians are not generally exposed to ex-
tremely dry conditions, and, consistently, no keratinization is
found in the amphibian lingual epithelium (Graziadei and De-
han, 1971; Iwasaki and Kobayashi, 1989; Iwasaki, 2002).
The morphology of the gustatory organs present in mature
anuran amphibians has been extensively studied (Zuwala,
2002; Zuwala and Jakubowski, 2000). It has been shown that
anurans are not the only group of vertebrates equipped with
gustatory organs of the taste disc type. In mature caudate spec-he Egyptian German Society for Zoology.
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ski, 2001) and Hynobius dunni (Zuwala et al., 2002), taste discs
function as gustatory organs, similar to mature anura. Also, in
alpine newt Triturus alpestris there are well developed taste
discs that differ from taste buds mainly by their structurally
diversiﬁed set of associated cells; mucous, wing and glial cells
(Zuwala and Jakubowski, 2007).
In some vertebrates, the tongue plays additional roles; these
are especially signiﬁcant in reptiles. The tongue of lizards is
used for diverse functions such as lingual prey prehension in
iguanian lizards (Herrel et al., 1995), prey transport and swal-
lowing in most lizards (Delheusy and Bels, 1992; Herrel et al.,
1996, 1997, 1998). Also in Ptyodactylus guttatus and Steno-
dactylus petrii (lacertilian, Gekkonidae) the dorsal surface of
the tongue showed abundant glandular distribution associated
with dense distribution of microvilli and microridges on lin-
gual papillae which facilitated feeding habits (Darwish,
2012). Tongue extrusions, such as ﬂicks or touches, can be
used in the detection of speciﬁc species (Cooper and Vitt,
1984; Simon, 1985), kin recognition (Werner et al., 1987), sex
recognition and courtship (Cooper and Vitt, 1984; Cooper
et al., 1986).
The lingual papillae entirely cover the dorsal surface of the
tongue. They differ in size, form, number and function and are
species-variable. The lingual papillae consist of a dermal core
covered with stratiﬁed squamous epithelium (Iwasaki et al.,
1989; Chunhabundit et al., 1992; Emura et al., 2000a,b,
2001). Many studies have demonstrated that the dorsal surface
of the reptilian tongue is rich in lingual papillae (Jamniczky
et al., 2009; Cizek et al., 2011). On the other hand, Iwasaki
and Miyata (1985) reported that no lingual papillae are located
on the surface of the anterior bifurcated area of the adult Jap-
anese lizard tongue.
In terrestrial reptiles, the salivary glands are separate from
the tongue (Kent, 1978), and the relative number of cells with
secretory granules is relatively low in the lingual epithelium
(Iwasaki and Miyata, 1985; Iwasaki and Kumakura, 1994).
The lingual glands consist of numerous mucocytes that form
a simple mucous epithelium that covers most of the dorsal
and lateral surfaces of the tongue in iguanid lizards like Oplu-
rus cuvieri (Delheusy et al., 1994). These numerous mucous
glands are observed in Sphenodon and terrestrial tortoises
(Schwenk, 1986; Winokur, 1988). Keratinization has been ob-
served among various reptilian species on evolutionary trend,
in conjugation with adaptation to dry land (Iwasaki and
Kobayashi, 1992; Iwasaki and Kumakura, 1994).
The purpose of this investigation was to ﬁnd out the rela-
tion between the adaptive structures of the tongue and the type
of food in the toad, Bufo regularis and the lizard, Chalcides
ocellatus.Figure 1 Scanning electron micrograph of the tongue of Bufo
regularis showing the tongue, ﬁliform papillae (Fi) fungiform
papilla (Fu) and taste disc (TD).Materials and methods
The observations were conducted on seven roofs and tongues
of each adult toad B. regularis and tongues of lizard C. ocell-
atus. The tongues were dissected from the mandible, ﬁxed in
10% neutral formaldehyde, and routinely prepared for obser-
vation using scanning electron microscopy .The samples of the
tongue were dehydrated in a series of ethanol (70–99.8%) and
acetone, and subsequently dried with the critical-point drier
Tousimis Audosamdri-815. The dried material was coated bya gold sputter coater (SPI-Module). The material was stored
over silica gel, and observed with a scanning electron micro-
scope JEOL (JSM-5400 LV) in Regional Center of Mycology,
Al-Azhar University, Cairo, Egypt.
Results
The tongue of B. regularis
A toad usually lives in and around freshwater, and the surface
of the oral cavity around the tongue is wet. Even on land, a
toad is not generally exposed to extremely dry conditions,
and consistently, no keratinization is found in the toad’s lin-
gual epithelium. Toads are remarkable in having a tongue that
is propelled from the mouth, to impact on, adhere to, and pull
prey into the buccal cavity. The gustatory organs of the toad
seem to differentiate into a specialized structure called, the
taste disc (Fig. 1).
In the present investigation, the oral cavity of the toad con-
tains two different types of taste organs: taste buds and taste
discs. The peripheral gustatory apparatus is composed of pap-
illary and non-papillary sense organs. The papillary sense or-
gans are taste discs (TDs) located on the dorsal surface of
the tongue at the apical surface of fungiform papillae
(Fig. 1). The non-papillary sense organs are situated both on
the ﬂoor and roof epithelia of the mouth. The taste buds lo-
cated on the palate have a slightly convex surface with deep-
set, irregular margins and are slightly smaller (Fig. 2).
Tongue of the toad can be recognized into proximal, mid-
dle, and apical portions. The proximal portion is attached to
the jaw and at the end of the apical portion two horns are pres-
ent (Fig. 1). The epithelium covering the dorsal surface of the
tongue forms predominantly numerous branched ﬁliform and
scattered fungiform papillae (Fig. 3). Micropits or mucous
glands are present among the papillae (Fig. 4).
The ﬁliform papillae are characterized by the fork-shaped
processes. The number of processes in fork-shaped ﬁliform
papillae are varied (Fig. 5) .No ciliated cells were observed
on the surface of the ﬁliform papillae or in the surrounding
area of the sensory disc.
The fungiform papillae have the form of an inverted trun-
cated cone with a convex base constituting the chemoreceptor
Figure 2 Scanning electron micrograph of the palate of Bufo
regularis showing the taste buds (TB).
Figure 3 Scanning electron micrograph of the dorsal surface of
the tongue of Bufo regularis showing the ﬁliform papillae (Fi); the
fungiform papillae (Fu) and the taste disc (TD).
Figure 4 Scanning electron micrograph of the tongue of Bufo
regularis showing micropit or mucous gland (M) among the
papillae.
Figure 5 Scanning electron micrograph of the tongue of Bufo
regularis showing fork-shaped ﬁliform papillae (black arrow).
Figure 6 Scanning electron micrograph of the tongue of Bufo
regularis showing the free surface of a taste disc (TD) with mucous
cells (m) surrounded by a ring of ciliated cells (Ci) and externally
by numerous goblet cells (g).
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(Fig. 6). The distribution and size of the fungiform papillae are
not homogeneous with highest density in the proximal and lat-
eral portions of the tongue while largest papillae are usually lo-
cated in the proximal portion.The taste disc (honey comb) consists of a superﬁcial layer of
mucous cells; a ring of ciliated cells and an incomplete ring of
goblet cells (Fig. 6).
The superﬁcial layer of the taste disc is slightly convex and
covered by a thick layer of mucous cells containing surfactant-
like material. Most of the surface is formed by the mucous cells
(Fig. 7). These cells are separated from each other by apical
sheet-like prolongations of the wing cells. The taste disc is
characterized by the presence of one or two rows of ciliated
cells (Figs. 6 and 7). Moreover, the ring is well-developed in
the proximal and intermediate portions of the tongue where
it is composed of 1–3 rows of cells. The ciliary ring of the taste
disc is usually incomplete at the apical portion of the tongue
(Fig. 6).
The tongue of C. ocellatus
The tongue of C. ocellatus appeared triangular in shape with a
slightly bifurcated apex (Fig. 8). Dorsally, the tongue is di-
vided into the tip, the fore-tongue (apex), the mid-tongue (lin-
gual body) and the hind-tongue (radix) (Fig. 8). The lingual
papillae are widely distributed all over the dorsal surface of
the tongue. The tongue tip is subdivided into a U-shaped
Figure 7 Scanning electron micrograph of the tongue of Bufo
regularis showing a higher magniﬁcation of the taste disc (TD), the
mucous cells (m) which are separated by wing cells (w). The
irregular pattern of microridges on the free surface of mucous cell
and the regular row of wing cells, microvilli can be recognized.
Figure 8 Scanning electron micrograph of the dorsal surface of
the tongue of Chalcides ocellatus showing pointed and bifurcated
apex (ap), lingual body (bo) and lingual radix (ra). The lingual
papillae are distributed all over the dorsal surface.
Figure 10 Scanning electron micrograph of the tongue tip of
Chalcides ocellatus near the papillosed portion showing polygonal
pores of the taste buds (arrows) having microvilli bearing ﬁne
granules.
134 E.H. Elsheikh et al.portion of the bifurcated part, two lateral portions on each
side of the furcated part and a median large portion (Fig. 8).Figure 9 Scanning electron micrograph of the tongue of
Chalcides ocellatus showing the papillae of the middle portion of
the tongue tip.The bifurcated part and the two lateral portions of the tongue
tips are keratinized but not papillosed. The middle portion of
the tongue tip is papillosed (Fig. 9). The papillae are over-
lapped and posteriorly oriented. The hind part of the tongue
is limited by the opening of the pharynx and consists of two
lateral limbs (Fig. 8).
The surface of the U-shaped portion of the tongue tip bears
a network of microridges, interspersed with micro-pores. The
surface of the epithelial cells has microvilli with ﬁne granules
and anastomosed micro-ridges interspersed with micropores
(Fig. 10). Some depressions can be seen between the epithelial
cells from which a tuft of microvilli was projected (Fig. 10).
These structures may resemble the pores of the taste buds.
The middle part of the tongue tip and the fore-tongue are cov-
ered by polygonal shape or bulges-like papillae separated by
clefts. Most cells covering these papillae have smooth surfaces,
a part from some cells bearing microridges on the surface of
each bulge (Fig. 11). The fore-tongue papillae appeared paral-
lel to each other in transverse rows (Fig. 11).
The mid-tongue can be divided into two portions; the ante-
rior and posterior portion. The anterior portion is covered
with scale-like folds forming high proﬁle papillae, overlappedFigure 11 Scanning electron micrograph of the fore-tongue of
Chalcides ocellatus showing papillae arranged parallel to each
other in transverse rows.
Figure 12 Scanning electron micrograph of the anterior portion
of the mid-tongue of Chalcides ocellatus which is covered with
scale-like folds which they are overlapped and directed posteriorly.
Figure 13 Scanning electron micrograph of the posterior portion
of the mid-tongue of Chalcides ocellatus which is covered with
irregular scale-shaped papillae (black arrow) and ridge-like
papillae located in lateral portion (white arrow).
Figure 14 Scanning electron micrograph of the hind tongue of
Chalcides ocellatus showing the medially with irregular scale
papillae (black arrow) and laterally with ridge- like papillae (white
arrow).
Figure 15 Scanning electron micrograph of the hind tongue of
Chalcides ocellatus showing taste buds (Black arrow) and mucous
cells (white arrow).
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posterior portion is covered with irregular scale-shaped papil-
lae (Fig. 13). Also ridge-like papillae are located predomi-
nantly in the lateral portion.
The hind-tongue is covered medially with irregular scale
papillae and laterally with ridge- like papillae (Fig. 14). On
the surface of the scale-like papillae, hemispherical bulges
and microridges are compactly distributed, as well as scat-
tered mucous pores which are related to secretion of ﬂuid.
The presence of taste bud depressions between the hemispher-
ical bulges from which a tuft of microvilli was projected
(Fig. 15). The ridge-like papillae are widely distributed. All
ridge-like papillae are directed posteriorly towards the phar-
ynx. The hind part of the tongue is limited by the opening
of the pharynx and consists of two lateral limbs. These limbs
bear ridge-like papillae laterally and irregular scale-like ones
near the pharynx (Fig. 8).The epithelium of the tongue root of C. ocellatus contains
several depressions which represent the taste buds and anasto-
mosed micro-ridges interspersed with numerous micropores
(Fig. 16). The dorsal surface of the lingual epithelium is cov-
ered with numerous ﬁne processes or microridges and the outer
layer of the epithelium is highly keratinized. The lingual glands
consisted of mucous cells that form crypt-like invaginations
between the bases of the papillae and are abundant in the pos-
terior region of the tongue (Fig. 15).
Discussion
The taste buds are common gustatory organs which are pres-
ent throughout the entire life-span of most vertebrates. They
consist of supporting cells, sensory taste cells with a tuft of api-
cal microvilli or single layer microvillus, and the basal sensory
cells; only in some teleost ﬁsh no basal cells have been recog-
nized in those taste buds (Jakubowski and Whitear, 1990).
The taste buds are replaced by taste discs during metamorpho-
sis in anurans (Zuwala and Jakubowski, 1991). The critical cri-
terion applied to distinguish taste buds from taste discs was the
size of the organ. Both taste buds and taste discs fulﬁl similar
Figure 16 Scanning electron micrograph of the root of the
tongue of Chalcides ocellatus showing the taste buds (black
arrow).
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ical differences between these two kinds of organs, mainly in
the non-sensory epithelial components which are differentiated
into several kinds of cells (often named ’’associate cell’’, and
including mucous cells and wing cells). The broad sensory area
in taste discs is a consequence of the large size of the mucous
cells. Taste discs are present in anurans (B. regularis) and also
in S. salamandra,H. dunni and T. alpestris (Iwasaki, 2002).
The present work also revealed that the surface of the sen-
sory discs is covered with a honey comb array of cell surfaces,
which originate from the non-gustatory, supporting cells. Sim-
ilar results were reported in Bufo japonicus (Iwasaki and
Kobayashi, 1988), Rana catesbeiana (Iwasaki and Sakata,
1985), Rana nigromaculata (Iwasaki et al., 1986) and Rana can-
crivora (Iwasaki and Wanichanon, 1993). Most of the surface
of sensory discs in Rana pipiens,Rana esculenta and Rana temp-
oraria are covered extensively with microvilli (During and An-
dres, 1976; Graziadei and DeHan, 1971). However, the sensory
discs of catesbeiana and Hyla arborea reportedly have cyto-
plasmic ridges and interspersed cells with microvilli (Jaeger
and Hillman, 1976).
The tongue of B. regularis of the present work has thin pro-
cesses identiﬁed as microvilli on the surface of the honey comb
as ﬁrst reported by Jaeger and Hillman (1976). Similar struc-
tures are found also in R. cancrivora (Iwasaki and Wanich-
anon, 1993),R. nigromaculata (Iwasaki et al., 1986) and B.
japonicus (Iwasaki and Kobayashi, 1988). With respect to
function, the honey comb structure may help retain water
and mucus on the surface of the sensory disc. Furthermore
the distribution of the ciliated cells around the sensory discs
in B. regularis (the present work) and species of Rana [R. cates-
beiana (Iwasaki and Sakata, 1985), R. nigromaculata (Iwasaki
et al., 1986) and R. cancrivora (Iwasaki and Wanichanon,
1993)] is distinctly different than that in B. japonicus (Iwasaki
and Kobayashi, 1988) in which ciliated cells seem to be absent.
However, Iwasaki et al. (1989) revealed that the ciliated cells
were located in the deep basal areas of ridge like papillae of
Bufo. In addition, B. regularis and B. japonicus (Iwasaki
et al., 1989) have numerous mucous cells in the lingual epithe-
lium than those found in R. cancrivora,R. catesbeiana,Rana
regosa and R. nigromaculata (Iwasaki and Kobayashi, 1989;
Iwasaki and Wanichanon, 1991, 1993; Iwasaki et al., 1988).In the present work of B. regularis, no ciliated cells were ob-
served on the surface of the ﬁliform papillae or in the sur-
rounding area of the sensory disc. These structures are
similar to those of B. japonicus (Iwasaki et al., 1989) but signif-
icantly different from those of, R. cancrivora,R. catesbeiana,R.
rugosa, and R. nigromaculata (Iwasaki and Kobayashi, 1989;
Iwasaki and Wanichanon, 1991, 1993; Iwasaki et al., 1988).
The B. regularis toads have adapted to a comparatively dry
habitat and they can live in areas away from ponds and rivers
for extended periods. Reﬂecting this capacity, the lingual epi-
thelium consists partly of cells without secretory granules espe-
cially on the apical side that is exposed to dry conditions. The
separation of the tongue from the salivary glands is more con-
spicuous in terrestrial reptiles, birds and mammals (Iwasaki,
2002).
Bifurcation of the tongue in the present lizard C. ocellatus is
also found in turtles, crocodilians and in some mammals (Sch-
wenk, 1988). Iwasaki and Kobayashi (1992) showed that the
tip of the tongue of Takydromus tackydromoides is bifurcated
at the anterior third whereas that Gekko japonicus is only
slightly bifurcated. However, this phenomenon of bifurcation
is present in all squamates except the Dibamidae (Greer,
1985) and the agamid Laudakia stellio (Koca et al., 2007).
The tongue is not bifurcated in sphenodon (Schwenk, 1986),
Anolis carolinensis (Rabinowitz and Tandler, 1986), Geoclemys
reevesii and Clemys japonica (Iwasaki, 1992). On the other
hand, the papillae are missing in the bifurcated region of the
tongue in the present species C. ocellatus. A similar observa-
tion is founded in Takydromus tackydromoides (Iwasaki and
Kobayashi, 1992). Also Abbate et al. (2010) described that in
an Italian lizard (Podaric sicula) no papillae were observed in
the apex of the tongue which is characterized by a ﬂattened
mucosa.
The lingual surface in the present study consists of papillae
with different shapes, sizes and distribution, these differences
depend on dissimilarities in diet, feeding habits and handling
of the food in the mouth (Iwasaki and Miyata, 1985). It has
been reported that in most lizards the papillae are covered
by a stratiﬁed squamous epithelium that differed only in thick-
ness and degree of keratinization (Schwenk, 1986; Smith,
1988). This observation is in agreement with the present work.
The same result was obtained by Abbate et al. (2010) in the
Italian lizard Podarcis sicula. On the other hand, geckos are
rich in lingual papillae (Iwasaki, 2002). In lacertids, the lingual
surface is non-papillose but covered with keratinized scales
(Schwenk and Throckmorton, 1989).
The present investigation revealed that, the microridges
interspersed with micropores are visible on the surface of epi-
thelial cells at the interpapillary portion of the papillae. This
observation is similar to that described by Fawcett (1981)
who mentioned that, the microridges and microplicae serve
to hold in place a layer of mucus, which acts as a lubricant.
Iwasaki (1992) suggested that microvilli on the surface of the
oral epithelial cells are thought to have the same function as
microridges.
The present study showed that the lingual glands consisted
of mucous cells that form crypt-like invaginations between the
bases of the papillae and are abundant in the posterior region
of the tongue. Similar glands are found in the iguanid lizards
like Oplurus cuvieri (Delheusy et al., 1994). The secretion of
large amounts of mucus acts as a lubricant that facilitates food
movements, transport and swallowing (Winokur, 1988). Also
Comparative study on the tongue of Bufo regularis and Chalcides ocellatus in relation to their habitats 137Darwish (2012) found that the tongue in Ptyodactylus guttatus
and Stenodactylus petrii (Lacertilia, Gekkonidae) showed
abundant glandular distribution associated with dense distri-
bution of microvilli and microridges on lingual papillae, that
facilitates food movements, transport and swallowing.
In the present work, the taste buds are present in the lingual
epithelium of the tongue of the lizard. Generally, reptiles have
taste buds in the lingual epithelium (Schwenk, 1988). Taste
buds occur in the oral and lingual epithelia of crocodilians
(Ferguson, 1981). El-Sayyad et al. (2011) found taste buds
on the tongue of reptilian species Psammophis sibilans,Tarent-
ola annularis and Crocodylus niloticus. In contrast Cizek et al.
(2011) found that no developing taste buds could be recog-
nized in the lingual epithelium of the green iguana,Iguana igua-
na. In some turtles the taste buds are missing (Winokur, 1988)
but they are scattered in the buccopharyngeal mucosa in other
turtles (Iwasaki and Kumakura, 1994).
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